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As  paTt  of  an  in-house  effort  to  improve  physical  standards  and 
tolerances  for  materiel  through  the  improvement  of  acceptance/rejection 
criteria,  we  have  developed  a procedure  for  computer  processing,  storage, 
and  retrieval  of  mechanical  properties  data.  In  this  report,  which  is 
the  first  of  a three-part  series,  a system  for  computer-assisted  stress- 
strain  test  data  reduction  and  analysis  is  described.  Autographic  record- 
ings of  load-strain  data  are  semi-automatically  digitized  on  a remote 
graphics  terminal  coupled  to  a UNIVAC  1106  computer.  Descriptor  data  are 
also  entered  into  temporary  memory  of  the  computer.  The  analysis  includes 
a calculation  of  the  Ramberg-Osgood  exponent  and  yield  stress  from  which 
the  stress-strain  curve  of  the  test  material  can  be  readily  reproduced. 

The  output  of  the  analysis  program  consists  of  several  optional  printouts 
for  each  set  of  test  data  and  a punch  card  containing  coded  descriptor 
data  and  a summary  of  all  the  results  for  the  test.  The  output  punch 
cards  serve  as  a hard  copy  data  file  of  test  results.  The  system  has 
been  applied  to  establish  a file  of  tension  test  results. 

The  procedures  for  establishing  a computer  data  file  of  the  test 
results  and  for  retrieving  the  data  are  described  in  AXWRC  TR  79-17, 
and  listings  of  the  FORTRAN  symbolic  programs  used  for  data  reduction, 
analysis,  storage,  and  retrieval  are  given  in  AMMRC  TR  79-18.^ 
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INTRODUCTION 


As  part  of  an  in-house  effort  to  improve  physical  standards  and  tolerances 
for  materiel  through  improvement  of  acceptance/rejection  criteria,  we  focussed 
on  the  role  of  mechanical  properties  of  materials.  While  many  hundreds  of  mechan- 
ical properties  tests  are  conducted  each  year  by  the  Materials  Properties  Branch 
(MPB)  of  the  Engineering  Standardization  Division  (ESD),  there  had  been  no  sys- 
tematic way  in  which  the  test  results  could  be  made  generally  available.  Test 
reports  were  issued  only  to  principal  investigators  who  had  ordered  the  tests 
while  the  raw  data  remained  on  file  in  the  MPB. 

f 

' Early  in  1977  a program  was  initiated  as  a joint  effort  by  ESD  and  the  Engi- 

neering Mechanics  Division  (EMD)  to  make  the  on-file  data  readily  retrievable  to 
all  AMRC  personnel.  Such  data  would  be  of  value  to  ESD  in  developing  standards 
and  tolerances.  A first  task  was  to  develop  computer-assisted  methods  for 
analyzing  the  data  and  for  generating  hard-copy  output  of  the  analyzed  results. 

A second  task  was  to  establish  a data  bank  of  the  results  in  the  NARADCOM  UNIVAC 
1105  computer  and  to  develop  the  software  to  access  the  data  from  either  teletype 
or  graphics  demand  terminals. 

This  report  (Part  1)  describes  the  analysis  procedures  which  were  developed 
and  the  various  forms  of  hard-copy  output  which  are  now  available.  Included  is 
a detailed  description  of  a proposed  computer-generated  test  report  which  is  to 
be  issued  by  MPB  to  principal  investigators  in  lieu  of  the  current  manually  pre- 
pared report  of  mechanical  test  results. 

Part  2 (Reference  1)  is  devoted  to  descriptions  of  the  computer  data  bank 
contents,  of  procedures  for  adding  data,  and  of  the  forms  of  output  available  in 
the  retrieval  program.  Also  included  in  Part  2 are  a set  of  user  instructions 
for  data  retrieval. 

Part  3 (Reference  2)  contains  complete  FORTRAN  listings  for  all  the  programs 
which  have  been  developed  for  analysis,  storage,  and  retrieva1  of  test  data. 

It  should  be  noted  that  all  the  data  which  have  been  analyzed  and  stored  to 
date  are  from  tension  stress-strain  tests.  The  computer  programs,  however,  are 
appropriate  for  compression  and  shear  tests  as  well.  By  far,  tension  results 
constitute  the  largest  file  of  past  test  results,  hence  our  first  efforts  were 
focussed  in  this  area.  Currently  we  have  begun  to  analyze  and  store  all  tension 
test  results  starting  with  tests  conducted  in  July  1977  and  will  continue  until 
the  data  bank  is  up-to-date.  Thereafter,  the  data  bank  will  be  maintained  cur- 
rent and,  as  time  allows,  data  from  tests  performed  prior  to  July  1977  will  be 
analyzed  and  stored. 

Compression  and  shear  stress-strain  data  will  be  analyzed  and  stored  in  the 
near  future.  Plans  are  now  being  made  for  computer-assisted  data  reduction  and 


1.  PAPIRNO,  R.  P.  AMMRC  Automated  Stress-Strain  Data  Analysis,  Storage,  and  Retrieval  - Part  2:  Data  Bank  Entry  and 
Retrieval  Procedures.  Army  Materials  and  Mechanics  Research  Center,  AMMRC  TR  79-17,  April  1979. 

2.  PAPIRNO,  R.  P.  AMMRC  Automated  Stress-Strain  Data  Analysis,  Storage,  and  Retrieval  - Part  3:  Computer  Program  Listings. 
Army  Materials  and  Mechanics  Research  Center,  AMMRC  TR  79-18,  April  1979. 


» i 


i 


analysis  of  fracture  toughness  and  impact  test  results  and  for  establishing  a 
computer  file  of  the  analyzed  data.  Also  in  the  planning  stage  are  procedures 
for  obtaining  complete  processing  histories  of  test  specimens  and  coding  the 

uniquely  according  to  chemistry,  manufacturing  procedures,  and  thermo- 
mechanical treatment.  A data  base  of  these  well -characterized  materials  will 
then  be  established. 


RAW  DATA  REDUCTION 

Raw  data  from  an  MPB  tension  stress-strain  test  consist  of  the  following: 

1.  Test  descriptors,  ultimate  load,  elongation,  and  reduction  of  area  which 
are  recorded  in  a tension  test  notebook.  If  a hardness  test  has  been  performed, 
the  hardness  data  are  recorded  in  a hardness  test  notebook  and  the  tension  note- 
book entry  references  the  hardness  data  by  notebook  number  and  page. 

2.  An  autographic  recording  of  the  test  load  versus  strain  to  the  approxi- 
mate 0.2%  offset  yield  stress  or  somewhat  higher.  The  strain  data  are  obtained 
from  an  extensometer  attached  to  the  specimen.  The  record  may  also  contain  data 
well  beyond  the  yield  from  a deflectometer  which  senses  testing  machine  head 
motion  rather  than  specimen  strain.  Several  tests  may  be  recorded  on  a single 
graph  sheet  but  in  each  case  there  is  a notebook  reference  on  the  graph  to  relate 
the  notebook  data  to  the  graph  unambiguously. 

Computer  Processing 

A computer-assisted  data  reduction  program  was  written  and  filed  in  the 
NARADCOM  UNIVAC  1106  machine  for  reducing  the  raw  data.  The  program,  called 
R*PICPTS  is  described  in  Reference  3 and  listed  in  Reference  2.  The  procedure 
involves  codifying  the  material  and  test  descriptors,  entering  the  descriptor 
data  into  temporary  memory  in  the  computer  and  digitizing  the  autographic  load- 
strain  curve  at  a computer  graphics  terminal.  The  hard-copy  output  is  a deck 
of  punch  cards  generated  by  the  computer.  The  input  procedure  is  performed 
interactively  at  a demand  terminal  in  the  MPB.  The  descriptor  data  are  entered 
via  the  keyboard  of  a Tektronix  4014  graphics  terminal  in  response  to  instruc- 
tions which  appear  on  the  screen.  The  autographic  record  is  digitized  on  a 
Tektronix  4662  interactive  plotter  which  is  coupled  to  the  graphics  terminal. 

The  output  cards  are  punched  automatically  by  one  of  the  UNIVAC  9300  hard-copy, 
input-out  terminals. 

Digitizing  the  Load-Strain  Curve 

Digitization  of  the  load-strain  curve  is  semiautomatic.  Instructions  for 
every  step  in  the  process  appear  on  the  screen  of  the  graphics  terminal.  The 
operator  controls  the  movement  of  the  pen  carriage  of  the  plotter  on  which  op- 
tical cross  hairs  have  been  substituted  for  the  pen.  As  described  in  Reference 
3,  the  location  of  the  approximate  proportional  limit  and  0.2%  offset  yield 


3.  PAP1RNO,  R.  P.  PICPTS  Computer  Program  for  Digitizing  Testing  Machine  Autographic  Records:  User  Instructions. 
Army  Materials  and  Mechanics  Research  Center,  AMMRC  TN  78-6,  June  1978. 
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loads  have  been  determined  as  part  of  the  preparation  procedure  prior  to  the 
computer  run.  The  operator  digitizes  approximately  10  equally  spaced  points  be- 
tween the  curve-zero  and  the  proportional  limit  and  approximately  20  equally 
spaced  (along  the  curve)  points  between  the  proportional  limit  and  the  yield 
loads.  Thereafter,  points  are  digitized  for  every  0.006  in. /in.  of  strain  until 
the  end  point  of  the  curve.  On  curves  with  a sharp  knee,  the  point  spacing  in 
the  knee  region  is  decreased  so  that  the  curve  shape  is  better  approximated  by 
the  digital  values. 

While  it  may  appear  that  the  process  is  time  consuming,  we  have  found  that 
an  operator  with  but  a few  hours  of  instruction  and  practice  can  completely  pro- 
cess between  three  and  four  records  an  hour.  About  75%  of  the  total  time  is 
devoted  to  the  digitizing  process  and  the  remainder  to  entering  descriptor  data. 

We  have  trained  student  aides  to  perform  the  entire  data  reduction  process  and 
have  had  great  success  in  obtaining  accurate  results  with  only  a minimum  of  pro- 
fessional supervision.  The  computer  program  was  written  so  that  specific  step- 
by-step  instructions  appear  on  the  screen  of  the  terminal  before  each  of  the 
required  entries  is  to  be  made. 

Output 

At  present,  the  output  of  each  run  of  the  R*PICPTS  program  is  a deck  of 
punch  cards.  For  each  set  of  test  data  there  is  a header  card  containing  de- 
scriptor data  in  80  columns  followed  by  digitized  data  cards  each  having  one 
value  of  load  and  one  value  of  strain.  The  data  cards  serve  as  input  to  an 
analysis  program  also  on  file  in  the  UNIVAC  1106,  which  is  called  R*EVALR0. 

This  program  is  described  in  detail  in  the  next  section  of  this  report. 

Card  images  of  the  output  punch  cards  are  also  inserted  into  a temporary 
file  in  the  computer.  The  operator  of  R*PICPTS  program  has  the  option  of  execut- 
ing the  R*EVALR0  analysis  program  automatically  at  the  conclusion  of  a data 
reduction  run.  For  this  option,  the  input  to  the  analysis  program  consists  of 
the  card  images  in  the  temporary  file.  The  output  of  the  analysis  program  in 
this  case  is  a test  report,  called  the  Principal  Investigator  Report.  It  is 
described  in  detail  in  the  Analysis  section  of  this  report. 

Applications 

We  had  several  specific  applications  for  the  output  data  of  our  data  process- 
ing systems.  The  applications  in  turn  influenced  the  choice  of  analysis  computa- 
tions and  procedure  and  the  form  of  output  that  were  programmed.  The  following 
considerations  were  useful  guides  in  program  development: 

1.  To  make  the  on-file  data  more  readily  available  throughout  AMMRC,  we  had 
planned  to  establish  an  easily  accessible  data  bank  of  stress-strain  properties. 

We  decided  that  a user  of  the  data  bank  should  be  able  to  retrieve  all  the  test 
data  for  a given  material/alloy  including  the  stress-strain  curve. 

2.  In  order  to  improve  the  reporting  procedures  of  the  MPB,  we  planned  to 
generate,  using  the  computer,  a stress-strain  test  report  for  principal  investi- 
gators who  submitted  specimens  for  testing.  This  report  would  be  one  of  the 
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outputs  of  the  data  processing  program  developed  for  the  data  bank  and  hence 
would  require  no  extra  effort.  Such  an  arrangement  would  eliminate  completely 
the  manual  preparation  of  test  reports. 

3.  We  wished  to  minimize  storage  requirements  for  the  analyzed  data  in  the 
computer.  We  also  planned  to  keep  a hard-copy  backup  for  the  data  bank  in  the 
form  of  a file  of  punch  cards.  This  led  to  developing  coding  schemes  and  other 
data  condensation  techniques  such  that  all  the  analyzed  data  from  a single  test 
could  be  punched  on  one  80- column  punch  card. 


STRESS-STRAIN  DATA  ANALYSIS 

Structural  applications  of  stress-strain  data  in  computer-aided  stress 
analysis  and  design  require  an  analytic  formulation  of  the  stress-strain  curve 
of  materials.  Examples  where  such  a formulation  would  be  used  are  studies  of 
elastic-plastic  buckling,  elastic-plastic  notch  behavior,  and  finite  element 
and  finite  difference  calculations  of  elastic-plastic  deformations.  If  data 
are  to  be  stored  economically,  there  are  advantages  in  expressing  a stress- 
strain  curve  in  algebraic  form  since  only  a few  equation  constants  need  be 
stored  rather  than  a set  of  digitized  points  of  the  curve. 

While  no  completely  satisfactory  single  algebraic  formula  has  been  developed 
to  characterize  a stress-strain  curve  of  a material  to  fracture,  the  Ramberg- 
Osgood  approximation  has  proved  particularly  viseful  and  accurate  for  reproducing 
the  stress-strain  properties  to  the  yield  stress.*  In  the  tests  conducted  by  the 
MPB,  high  resolution  strain  data  from  extensometers  was  available  to  somewhat  in 
excess  of  the  yield,  hence  we  decided  to  use  the  Ramberg-Osgood  formula  for  stor- 
ing the  stress -strain  curve. 

Ramberg-Osgood  Equation 

Only  three  constants  are  required  in  the  Ramberg-Osgood  equation.  One  formu- 
lation of  the  equation  which  is  very  widely  used  is 

e = S/E  + 0.002  (S/Sy)n  (1) 

where  e and  S are  the  strain  and  stress  and  the  three  required  constants  are: 

E = elastic  modulus, 

Sy  = 0.2%  offset  yield  stress, 
n = Ramberg-Osgood  exponent. 

Note  that  the  nondimens ional  form  of  the  stress  terms  in  Eq.  1 makes  the 
exponent  independent  of  the  system  of  units  used  for  stress.  Hence,  metric  con- 
version of  the  equation  from  the  conventional  English  system  of  units  (or  vice 
versa)  requires  only  arithmetic  conversion  of  the  modulus  and  yield  stress 
factors. 

•The  stress-strain  curves  reproduced  in  MIL-HDBK-5  were  all  plotted  using  the  Ramberg-Osgood  equation  derived  from  averaged 
stress-strain  data.  At  AMMRC  we  analyzed  several  hundred  sets  of  data  and  found  that  the  correlation  coefficient  for  the  equation 
with  respect  to  the  test  data  was  better  than  0.98  in  more  than  92%  of  the  stress-strain  curves  examined. 


r- 


i 


i: 


I 

i 


Calculations  of  the  modulus,  the  yield  stress,  and  exponent  for  Eq.  1 are 
made  by  the  EVALRO  pror^-am  using  least-squares  procedures.  As  will  subsequently 
be  shown,  the  program  axso  calculates  the  standard  error  of  estimate  and  corre- 
lation coefficient  which  can  be  used  to  assess  the  goodness-of-fit  of  the  Ramberg- 
Osgood  equation  to  the  experimental  data. 

Elastic  Modulus  Calculation 

Specimen  area  and  approximate  proportional  limit  load  are  among  the  data 
which  are  read  in  to  the  EVALRO  program  from  the  PICPTS  header  card.  The  load- 
strain  data  are  converted  to  stress-strain  data  using  the  area  value.  The 
program  requires  that  the  digitized  data  be  ordered  in  increasing  strain  magni- 
tude,; if  necessary,  the  .•ogram  will  order  the  data. 

A linear  least-squares  analysis  is  performed  using  all  the  input  data  whose 
stress  values  are  less  than  or  equal  to  the  input  value  of  proportional  limit. 

The  result  of  this  analysis  is  a value  of  the  elastic  modulus  and  the  value  of 
the  strain  intercept.  The  latter  represents  the  intersection  of  the  elastic  line 
on  the  strain  axis.  (The  best-fit  elastic  line  will  not  always  pass  through  the 
origin  established  in  digitizing  the  load-strain  data.)  In  order  to  assure  that 
Eq.  1 will  pass  through  the  origin,  the  strain  intercept  value  (generally  of  the 
order  of  tens  of  microinches/inch)  is  algebraically  subtracted  from  all  input 
strain  values.  We  have  called  the  resulting  values  "adjusted"  strain  to  differ- 
entiate them  from  the  originally  digitized  raw  data  values. 

Yield  Stress  and  Ramberg-Osgood  Exponent  Calculation 


There  are  two  components  of  strain  explicit  on  the  right-hand  side  of  Eq.  1. 
The  term  S/E  represents  the  elastic  component  of  the  total  strain  and  the  second 
term  represents  the  plastic  component: 

ep  = 0.002  (S/Sy)n  (2) 

where  ep  = e - (S/E) . 

It  is  desirable  to  rearrange  Eq.  2 to  the  form 

S = A e m 

P 

where  m = 1/n 

A = Sy/(0.002)m. 

Taking  the  logarithm  of  both  sides  of  Eq.  3 results  in 

log  S = m log  e^  + log  A.  (4) 

Equation  4 is  linear  in  the  variables  log  S and  log  .;p,  and  the  quantities 
m and  log  A can  be  calculated  using  a linear  least-squares  procedure.  Then  both 
the  Ramberg-Osgood  exponent  and  the  0.2%  offset  yield  stress  can  be  calculated 
from  Eqs.  3b  and  3c. 


(3a) 

(3b) 

(3c) 
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Multiple  Least-Squares  Procedure 
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As  a first  step  in  the  EVALRO  program,  plastic  strains  for  the  nonelastic 
data  are  calculated.  Then  data  between  the  approximate  proportional  limit  and 
the  approximate  yield  stress  are  used  in  the  least-squares  analysis  for  Eq.  4, 
providing  there  are  at  least  eight  data  points  available.  If  there  are  fewer 
than  eight  data  points,  then  data  beyond  the  yield  are  used.  (The  approximate 
yield  is  located  by  finding  the  data  point  whose  ep  value  is  closest  to  0.002.) 

Experience  has  shown  that  a better  fit  of  the  data  to  Eq.  4 may  result  if 
the  low-value  plastic  strains  are  omitted  in  the  calculation.  A systematic  pro- 
cedure was  developed  and  incorporated  in  the  EVALRO  program  to  perform  a series 
of  ten  least-squares  analyses  in  which  trial  values  of  n and  Sy  are  calculated. 
In  this  scheme  the  first  (i  - 1)  points  are  dropped  for  the  it*1  analysis.  Then 
values  of  the  standard  error  of  estimate  and  correlation  coefficient  are  calcu- 
lated for  each  of  the  ten  trial  values  of  n and  Sy.  All  the  data  between  the 
proportional  lxmit  and  the  yield  are  used  in  the  calculation.  The  set  of  trial 
values  of  n and  Sy  which  result  in  the  largest  correlation  coefficient  are  des- 
ignated as  the  best-fit  values.  The  best-fit  values  of  n and  Sy  and  the  value 
of  the  standard  error  of  estimate  are  among  the  data  which  are  stored  in  the 
ANMRC  data  bank. 

Statistical  Analyses 


Printed  Output  of  EVALRO 

There  are  a number  of  optional  printed  outputs  of  the  data  and  the  statisti- 
cal quantities.  Print  options  are  in  an  integer  code.  When  the  program  is  run. 


Values  of  the  standard  error  of  estimate  and  correlation  coefficient  are 
calculated  for  six  regions  of  the  stress-strain  curve.  These  data  are  part  of 
the  printout  of  the  EVALRO  program  and  indicate  in  detail  how  well  the  Ramberg- 
Osgood  equation  fits  the  test  data.  The  boundary  points  of  the  regions  are  the 
proportional  limit,  the  0.2%  offset  yield,  and  the  end  point  of  the  data.  In 
addition,  and  intermediate  boundary  point  between  the  proportional  limit  and  the 
yield  stress  is  established  by  identifying  the  median  stress  of  the  data  between 
the  aforementioned  bounds.  The  intermediate  point  has  been  called  the  midpoint. 
The  boundary  points  are  shown  schematically  in  Figure  1 together  with  the  data 
used  in  the  statistical  calculations.  In  the  listing  below,  SPL  refers  to  the 
proportional  limit,  MPT  refers  to  the  midpoint  stress,  SY  refers  to  the  yield 
stress,  and  SN  refers  to  the  end  point  of  the  data.  The  data  groups  which  are 
used  in  each  of  the  numbered  analyses  are  as  follows  (the  numbered  analyses 
correspond  to  the  numbered  regions  in  Figure  1) : 

1.  Elastic  data  up  to  SPL 

2.  From  SPL  to  MPT 

3.  From  MPT  to  SY 

4.  From  SPL  to  SY 

5.  From  SPL  to  SN 

6.  From  SY  to  SN. 
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Figure  1.  Regions  of  stress-strain  curve  for  statistical  analyses.  The  numbered 
regions  correspond  to  the  numbered  analyses  listed  in  the  text  (schematic). 

the  first  data  card  contains  the  print  option  code  digit  (as  well  as  data  on  the 
number  of  copies  and  whether  punch-card  output  is  required).  The  separate  print 
out  options  are  described  below. 

1.  Principal  Investigator  Report.  A summary  of  the  test  and  material 
descriptors,  analyzed  data,  statistical  data,  and  tabular  listing  of  both  the 
input  digitized  data  and  stress  values  calculated  from  the  Ramberg-Osgood  equa- 
tion make  up  this  printed  output.  Descriptor  information  is  taken  directly  from 
the  PICPTS  program,  transferred  to  the  EVALRO  program  for  printing  and  eventual 
storage.  This  output  was  designed  to  serve  as  a report  of  a stress-strain  test, 
a copy  of  which  is  to  be  submitted  to  the  principal  investigator. 

A sample  of  the  test  report  is  shown  in  Figure  2.  The  upper  section  is  a 
summary  of  the  test.  Specific  entries  are  explained  on  a line-by-line  basis  in 
Table  1. 

A value  of  load  and  a value  of  strain  are  the  raw  data  for  every  digitized 
point  on  the  stress-strain  curve.  In  the  anlysis  procedure  previously  described 
the  strains  are  adjusted  so  that  the  stress-strain  curve  passes  through  zero. 

In  the  tabular  listing  of  data  on  the  lower  part  of  the  sample  report  shown  in 
Figure  2,  the  adjusted  (ADJ)  values  of  strain  rather  than  the  raw  data  values 
have  been  entered.  Since  the  strain  intercept  was  r»  microinches  per  inch  (given 
on  line  6 in  the  summary) , the  raw  data  were  larger  oy  this  amount  than  the  ad- 
justed values  given  in  column  3 of  the  tabular  listing. 


Each  plastic  strain  entry  in  column  4 was  calculated  by  subtracting  the 
elastic  component  from  the  total  strain.  Values  were  rounded  to  the  nearest 
10  microinches  per  inch.  Entries  of  the  observed  (OBS)  stress  in  column  5 were 
calculated  by  dividing  the  load  by  the  specimen  cross-sectional  area.  Values  of 
stress  were  calculated  from  Eq.  1 using  strain  as  the  independent  variable  and 
the  values  (CALC  STRESS)  are  entered  in  column  6.  The  deviation  in  percent 
(DEV  PCT)  between  the  calculated  and  observed  values  is  given  in  column  7. 


Table  1.  DATA  CONTENT  OF  PRINCIPAL  INVESTIGATOR  REPORT 


Line  No. 

Data  Entry 

Description 

1 

No  data 

Title 

2 

SPEC  AREA 

Test  section  cross-section  area  (0.0501). 

3 

SPECIMEN  NO. 

Six  or  fewer  ANC  (WTT-6). 

3 

MATERIAL 

Twelve  ANC  in  two  2 ANC  coded  groups  and  one  8 ANC  abbreviated 
description.  (Example  ST-6A-4340  ESR)  ST  = Material  code, 

6A  * Alloy  code,  4340  ESR  * Abbreviated  uncoded  description. 

3 

TEST  TYPE 

Test  loading  (TENS  * tension). 

3 

DATE 

Test  date  - month,  day,  year  (100678). 

3 

NTBK-PG 

MPB  notebook  number  (1A67)  and  page  (65). 

3 

SET  NO 

Data  set  catalogue  number  (867). 

4 

TEMP 

Test  temperature  in  degree  C (20°). 

4 

EDOT 

Test  strain-rate,  per-sec,  rounded  to  nearest  decade 
(1.0-4  * 1 * 10-4). 

4 

S-ULT 

Ultimate  strength,  in  ksi  (314.99)  and  MPa  (2171.8). 

4 

ELONG 

Elongation,  1-in.  or  2-in.  gage  length,  in  percent  (9.7). 

4 

RED-A 

Reduction  of  area  in  percent  (30.1). 

4 

R-CH 

Rockwell  C hardness  (55.0).  (If  test  not  done,  entry  = -1.) 

6 

INCPT 

Intercept  of  raw  data  stress-strain  curve  on  strain  axis. 

Value  given  in  microinches  per  inch  (5). 

6 

MODULUS 

Least-squares  value  of  elastic  modulus  in  106  psi  (29.59). 

6 

SEE 

Standard  error  of  estimate  of  modulus  in  ksi  (0.56). 

6 

C-CFT 

Correlation  coefficient  of  modulus  (0.9999). 

6 

PTS 

Number  of  elastic  data  points  used  to  compute  modulus  (10). 

6 

EP-I 

Lower  limit  plastic  strain  value  used  in  R-0  analysis  for 
best-fit,  in  microinches  per  inch  (185). 

6 

. 2%-YLD 

Calculated  best-fit  0.2%  offset  yield  strength  for  R-0  equation 
in  ksi  (199.15).  Sy  value  for  Eq.  1. 

6 

EXPNT 

Ramberg-Osgood  exponent,  n,  for  Eq.  1 (9.00). 

6 

PTS 

Number  of  data  points  used  in  best-fit  R-0  analysis  (11). 

6 

SPL 

Calculated  proportional  limit  using  Eq.  1 for  a class  B exten- 
someter  (10  microinches  per  inch  least  count)  in  ksi  (110.50). 

6 

. 1 %- YLD 

Calculated  0.1%  offset  yield  stress  using  Eq.  1 in  ksi  (184.38). 

7 

MODULUS 

Value  in  GPa  (204.0). 

7 

SEE 

Value  in  MPa  (3.9). 

7 

.2%-YLD 

Value  in  MPa  (1373.1). 

7 

SPL 

Value  in  MPa  (761 .9). 

7 

. 1 %-YLD 

Value  in  MPa  (1271.2). 

8-9 

No  data 

10 

SEE 

Standard  error  of  estimate  in  ksi  for  regions  2-6  (0.82,  0.81, 
0.81,  3.74,  6.26). 

10 

C-CFT 

Correlation  coefficient  for  regions  2-6  (0.9978,  0.9960,  0.9993, 
0.9928,  0.6614). 

10 

PTS 

Number  of  data  points  used  in  calculations  for  regions  2-6 
(9,  8.  17,  26,  9). 

11 

SEE 

Standard  error  of  estimate  in  MPa  for  regions  2-6 
(5.6,  5.6,  5.6,  25.8,  43.1). 

NOTE:  The  information  given  in  parentheses  in  the  Description  column  is  the  entry  for  this  item  in 
the  sample  report  shown  in  Figure  2.  (ANC  is  the  abbreviation  for  alphanumeric  characters.) 


It  should  be  noted  that  calculation  of  stress  from  Eq.  1,  when  the  strain 
is  specified,  involves  solution  of  an  equation  of  the  form: 


Z + AZn  - B = 0 (5) 


where  Z = S/Sy  and  A and  B are  constants  which  can  be  calculated  from  the  elastic 
modulus  and  specified  strain  values.  The  exponent  n in  Eq.  5 is  the  Raraberg-Osgood 
exponent.  A subroutine  of  the  EVALRO  program  uses  a trial  and  error  procedure  to 
obtain  a solution  of  the  equation  with  an  accuracy  better  than  0.01%.  Solutions 
of  the  equation  are  also  required  in  the  calculation  of  the  statistical  parameters. 


2.  Condensed  Surmary.  Information  in  the  summary  section  of  Figure  2, 
printed  four  data  sets  to  the  page,  constitute  a second  printout  option.  An  up- 
to-date  file  of  the  condensed  summaries  of  all  the  data  which  have  been  processed 
is  being  maintained  in  this  format.  These  data  can  readily  be  cross-referenced 
from  entries  in  the  data  bank. 
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Figure  2.  EVALRO  Principal  Investigator  Report.  The  entries  in  the  upper  data  summary  are 
defined  in  Table  1.  The  lower  tabular  listing  is  described  in  the  text. 
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3.  Multiple  Regression  Summary.  When  the  EVALRO  program  was  being  developed, 
it  was  of  interest  to  determine  whether  the  multiple  regression  analyses  used  to 
determine  a best-fit  set  of  Ramberg-Osgood  parameters  (exponent  and  yield  stress) 
were  necessary.  A third  optional  printout  was  provided  in  the  program  in  which 
the  results  of  all  ten  least-squares  analyses  were  printed  together  with  the 
statistical  data.  A sample  printout  is  shown  in  Figure  3.  A fourth  optional 
printout  is  an  adjunct  of  option  3.  In  this  option,  tables  listing  the  input 
data  and  point-by-point  predicted  stress  values  and  stress  deviations  are  given 
for  each  of  the  ten  analyses  together  with  the  material  of  option  3.  A sample 
of  the  tabular  printout  is  given  in  Figure  4.  The  third  and  fourth  optional 
printouts  have  been  described  simply  for  documentation.  These  have  not  been 
used  recently  since  they  served  their  purpose  early  in  the  EVALRO  program  devel- 
opment to  indicate  that  multiple  regression  and  the  associated  statistical  eval- 
uation was  a valid  method  to  determine  the  best-fit  Ramberg-Osgood  exponent  and 
0.2%  offset  yield  stress. 

Punch  Card  Output  of  EVALRO 
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One  major  objective  of  the  automated  analysis  program  was  to  establish  a 
file  of  test  results  for  each  tension  test  performed  in  the  MPB.  The  individual 
entry  to  the  hard-copy  form  of  the  file  is  a punch  card,  automatically  punched 
by  the  computer,  which  summarizes  the  results  of  each  test.  Card  images  have 
also  been  entered  into  memory  in  the  computer  to  form  a data  bank  of  test  results 
and  the  data  are  retrievable  from  a variety  of  demand  terminals  served  by  the 
UNIVAC  1106  machine.  In  this  report,  the  focus  is  on  the  data  which  appear  on 
the  EVALRO  output  card.  In  a subsequent  report  the  entry  and  retrieval  proce- 
dures for  the  computer  data  bank  will  be  described  (see  Reference  2). 


ANALYTIC  APPROXIMATION  OF  STRESS-STRAIN  PROPERTIES 
RAMBERG-OSGOOD  PARAMETERS  OBTAINED  FROM  ANALYSES  OF  EXPERIMENTAL  DATA 

VALUES  OF  0.2-PCT  OFFSET-YIELD  AND  R-0  EXPONENT  FROM  LOG-LEAST  SQUARES  CALCULATIONS 
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Figure  3.  EVALRO  multiple  regression  analysis  data  summary. 
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JPiC.  NTT-s  POINT-BT-POINT  DEVIATIONS  OF  CALCULATED  stresses  FROM  OSSERVED  VALUES  USINO  THE  PARAMETERS  FOR  ••1  TO  U>* 
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Figure  4a.  Tabular  data  associated  with  the  results  of  the  first  five  analyses  given  in  Figure  3.  The  stress 
value  in  the  column  OBS  STRESS  is  the  LOAD/AREA  value;  the  values  in  the  other  columns  were  computed 
using  the  Ramberg- Osgood  equation.  (Table  continued  in  Figure  4b). 
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-1  .2 

138.79 

-1.3 

138.49 

-1  .6 

IS 

.005064 

147.37 

84 

145.69 

-1.1 

145.70 

-1 

1 

145.10 

-1  .5 

144.82 

-1.7 

144.48 

-2.0 

16 

.005274 

152.12 

134 

150.58 

-1 .0 

150.60 

-1 

0 

149.94 

-1  .4 

149.64 

-1 .6 

149.27 

-1  .9 

17 

.005444 

155.63 

185 

154.35 

-.8 

154.37 

- 

6 

153.69 

-1.2 

153.37 

-1.5 

152.98 

-1.7 

13 

.003694 

159.86 

292 

159.59 

-.2 

159.60 

- 

2 

158.90 

-.6 

158.58 

-.8 

158.17 

-1.1 

19 

.005944 

164.43 

387 

164.45 

.0 

164.46 

0 

163.78 

-.4 

163.45 

-.6 

163.05 

-.6 

20 

.006224 

170.06 

477 

169-47 

-.3 

169.40 

- 

3 

168.85 

-.7 

168.54 

-.9 

168.14 

-1.1 

21 

.006524 

174.09 

641 

174.38 

.2 

174.39 

2 

173.85 

-.1 

173.57 

-.3 

173.21 

-.5 

22 

.006834 

178.66 

796 

179.00 

.2 

179.01 

2 

176.59 

-.0 

178.36 

-.2 

178.03 

-.4 

23 

.007184 

183.41 

986 

183.72 

.2 

183.72 

2 

193.46 

.0 

183.31 

-.1 

183.04 

-.2 

24 

.007554 

187.47 

1219 

188.21 

.4 

188.21 

4 

188.17 

.4 

188.07 

.3 

187.88 

.2 

25 

.007974 

192.40 

1473 

192.79 

.2 

192.79 

2 

192.98 

.3 

192.99 

.3 

192.88 

.3 

26 

. 003294 

196.97 

1638 

195  96 

-.5 

195.96 

. 

5 

196.34 

-.3 

196.42 

-.3 

196.39 

-.3 

27 

.008694 

200.12 

1932 

199  60 

-.3 

199.59 

• 

3 

200.20 

.0 

209.38 

. 1 

200.45 

.2 

28 

.009064 

203.99 

2171 

202  69 

-.6 

202.68 

- 

6 

203.52 

-.2 

203.77 

-.1 

203.93 

-.0 

29 

.009384 

206.81 

2396 

205.  18 

-.6 

205.16 

- 

8 

206.17 

-.3 

206.51 

-.  1 

206.74 

-.0 

30 

.009784 

210.16 

2682 

208.06 

-1  .0 

208.03 

-1 

0 

209.27 

-.4 

209.69 

-.2 

210.04 

-.1 

31 

.010204 

213.65 

2977 

210.86 

-1.4 

210.83 

-1 

4 

212.26 

-.7 

212.81 

-.5 

213.25 

-.3 

32 

.010594 

217.19 

3255 

213.29 

-1.6 

213.25 

-1 

• 

214.92 

-1  .0 

215.53 

-.9 

216.05 

-.5 

33 

.011034 

220.52 

3582 

21563 

-2.1 

215.79 

-2 

1 

217.70 

-1.3 

216.39 

-1.0 

219.03 

-.7 

34 

.011424 

223.67 

3659 

217.95 

-2.6 

217.92 

-2 

7 

219.99 

-1.7 

220.79 

-1.4 

221.51 

-1.1 

35 

.01 1614 

225.99 

4177 

219.95 

-2.7 

219.92 

-2 

7 

222.19 

-1 .7 

223.04 

-1.3 

223.85 

-.8 

36 

.012214 

229.50 

4459 

221.91 

-2.2 

221.96 

-2 

.2 

224.31 

-2.3 

225.26 

-1.6 

226.15 

-1.8 

Figure  4b.  Continuation  of  table  in  Figure  4a  using  the  results  of  the  last  five  analyses  given  in  Figure  3. 


11 


Punch  card  output  is  an  option  which  can  be  invoked  with  any  of  the  printout 


options  discussed  above  by  an  entry  on  the  first  input  data  card  to  EVALRO  (on 
which  the  print  option  code  also  is  punched).  All  the  pertinent  test  results, 
descriptor  information,  and  analyzed  data  are  punched  in  the  80  columns.  The 
stress-strain  curve  can  be  reproduced  from  the  data  on  the  card  because  the 
Ramberg-Osgood  parameters  are  included.  A listing  of  the  EVALRO  output  card 
data  is  given  in  Table  2.  The  FORTRAN  format  for  each  entry  is  also  given  in 
the  table. 


Table  2.  EVALRO  OUTPUT  PUNCH  CARD  DATA 


Column 

Entry 

Format 

1-6 

Specimen  number 

A6 

7-8 

Material  code 

A2 

9-10 

Alloy  code 

A2 

11-14 

MPB  notebook  number 

A4 

15-16 

Notebook  page 

12 

17 

Test  type  code 

11 

18-23 

Test  date 

16 

24-28 

Test  temperature,  deg  C 

15 

29-30 

Log  of  strain  rate 

12 

31-36 

Ultimate  strength,  ksi 

F6.1 

37-40 

Elongation,  pet 

F4.1 

41-44 

Reduction  of  area,  pet 

F4.1 

45-48 

Rockwell  C hardness 

F6.2 

49-54 

Elastic  modulus,  mega  psi 

F6.2 

55-61 

R-0  exponent 

F7.2 

62-68 

0.2%  offset  yield  strength,  ksi 

F7.2 

69-72 

R-0  standard  error,  ksi 

F4.1 

73-76 

Locater  number 

1-4 

77-80 

Set  nunber 

14 

All  the  data  that  appear  on  the  card,  with  the  exception  of  the  entry  in 
columns  73-76,  are  part  of  the  printout  of  the  program  as  described  in  Table  1 
and  shown  in  Figures  2 and  3.  The  standard  error  of  estimate,  punched  in 
columns  69-72,  is  the  value  for  Region  4 of  Figure  1:  for  the  data  from  the 
proportional  limit  to  the  yield  stress  referred  to  the  best-fit  Ramberg-Osgood 
exponent  and  0.2%  offset  yield  stress.  The  locater  number  in  columns  73-76  is 
used  in  data  retrieval.  Specifically,  it  is  the  set  number  of  the  next  earlier 
entry  in  the  data  file  for  a test  of  the  same  material  and  alloy.  The  number 
is  assigned  in  a routine  of  the  EVALRO  program  after  reference  to  the  computer- 
stored  files.  Additional  details  of  the  data  management  process  are  given  in 
Reference  2. 
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1 ATTN:  Dr.  R.  Vital i 
1 Dr.  G.  L.  Filbey 

1 Dr.  W.  Gillich 

l DRDAR-TSB-S  (ST INFO) 

Comnander,  Harry  Diamond  Laboratories , 2800  Powder  Mill  Road, 
Adel  phi,  Maryland  20783 
1 ATTN:  Technical  Information  Office 


Commander,  Picatinny  Arsenal,  Dover,  New  Jersey  07801 
1 ATTN:  Mr.  A.  M.  Anzalone,  Bldg.  3401 
1 Mr.  J.  Pearson 

1 G.  Randers-Pehrson 

1 SARPA-RT-S 

Comnander,  Redstone  Scientific  Information  Center,  U.  S.  Army 
Missile  Research  and  Development  Comnand,  Redstone  Arsenal, 
Alabama  35809 
1 ATTN:  DRDMI-TB 

Commander,  Watervliet  Arsenal,  Watervliet,  New  York  12189 
1 ATTN:  Dr.  T.  Davidson 

1 Mr.  D.  P.  Kendall 

1 Mr.  J.  F.  Throop 

Comnander,  U.  S.  Army  Foreign  Science  and  Technology  Center, 
220  7th  Street,  N.  E.,  Charlottesville,  Virginia  22901 
1 ATTN:  Mr.  Marley,  Military  Tech 

Chief,  Benet  Weapons  Laboratory,  LCWSL,  USA  ARRADC0M, 
Watervliet  Arsenal,  Watervliet,  New  York  12189 
1 ATTN:  DRDAR-LCB-TL 

Director,  Eustis  Directorate,  U.  S.  Army  Air  Mobility 
Research  and  Development  Laboratory,  Fort  Eustis, 

Virginia  23604 

1 ATTN:  Mr.  J.  Robinson,  DAVDL-E-M0S  (AVRADC0M) 

U.  S.  Army  Aviation  Training  Library,  Fort  Rucker, 

Alabama  36360 
1 ATTN:  Building  5906-5907 

Commander,  U.  S.  Army  Agency  for  Aviation  Safety,  Fort 
Rucker,  Alabama  36362 
1 ATTN:  Librarian,  Bldg.  4905 

Comnander,  USACDC  Air  Defense  Agency,  Fort  Bliss, 

Texas  79916 

1 ATTN:  Technical  Library 

Comnander,  U.  S.  Army  Engineer  School,  Fort  Belvoir, 

Virginia  22060 
1 ATTN:  Library 

Commander,  U.  S.  Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  Mississippi  39180 
1 ATTN:  Research  Center  Library 

Comnander,  U.  S.  Army  Mobility  Equipment  Research  and 
Development  Center,  Fort  Belvoir,  Virginia  22060 
1 ATTN:  DRDME-MW,  Dr.  J.  W.  Bond 

Comnander,  Naval  Air  Engineering  Center,  Lakehurst, 

New  Jersey  08733 

1 ATTN:  Technical  Library,  Code  1115 

Director,  Structural  Mechanics  Research,  Office  of  Naval 
Research,  800  North  Quincy  Street,  Arlington,  Virginia  22203 
1 ATTN:  Dr.  N.  Perrone 

Naval  Air  Development  Center,  Aero  Materials  Department, 
Warminster,  Pennsylvania  18974 
1 ATTN:  J.  Viglione 

David  Taylor  Naval  Ship  Research  and  Development  Laboratory, 
Annapolis,  Maryland  21402 
1 ATTN;  Dr.  H.  P.  Chu 

Naval  Research  Laboratory,  Washington,  D.C.  20375 
1 ATTN:  C.  D.  Beachem,  Head,  Adv.  Mat' Is  Tech  Br.  (Code  6310) 

1 Dr.  J.  M.  Krafft  - Code  8430 

1 R.  J.  Sanford  - Code  8436 

1 Or.  Jim  C.  I.  Chang 

Chief  of  Naval  Research,  Arlington,  Virginia  2221 7 
1 ATTN:  Code  471 


No.  of 
Copies 


To 


No.  of 
Copies 


To 


I 


1 Ship  Research  Committee,  Maritime  Transportation  Research 

Board,  National  Research  Council,  2101  Constitution  Avenue, 
M V ton,  D.C.  20418 

Air  Force  Materials  Laboratory,  Wrlght-Patterson  Air  Force 
Base,  Ohio  45433 

2 ATTN:  AFML  (MXE) , E.  Morrissey 

1 AFML  (LC) 

1 AFML  (LLP),  0.  M.  ^orn%yt  Jr. 

1 AFML  (LNC),  T.  J.  Reinhart 

1 AFML  (MBC ) , Mr.  Stanley  Schulman 

1 AFFOL  (FB) . Or.  J.  C.  Halpln 

Air  Force  Flight  Dynamics  Laboratory,  Wrlght-Patterson 
Air  Force  Base,  Ohio  45433 
1 ATTN:  AFFDL  (FBS),  C.  Wallace 
1 AFFDL  (FBE),  G.  D.  Sendeckyj 

1 Library 

National  Aeronautics  and  Space  Administration, 

Washington,  D.C.  20546 
1 ATTN:  Mr.  B.  G.  Achhammer 
1 Mr.  G.  C.  Deutsch  - Code  RW 

National  Aeronautics  and  Space  Administration,  Marshall 
Space  Flight  Center,  Huntsville,  Alabama  35812 
1 ATTN:  R.  J.  Schwinghamer,  EHOl,  Dir.,  MGP  Lab 
1 Mr.  W.  A.  Wilson,  EH41 , Bldg.  4612 

National  Aeronautics  and  Space  Acftninistration,  Langley 
Research  Center,  Hampton,  Virginia  23665 
1 ATTN:  Mr.  H.  F.  Hardrath,  Mail  Stop  188M 
1 Mr.  R.  Foye,  Mail  Stop  188A 

1 Or.  R.  J.  Hayduk,  Mail  Stop  243 

National  Aeronautics  and  Space  Administration,  Lewis 
Research  Center,  21000  Brookpark  Road,  Cleveland, 

Ohio  44135 

1 ATTN:  Dr.  J.  E.  Srawley,  Mall  Stop  105-1 
1 Mr.  W.  F.  Brown,  Jr. 

1 Mr.  R.  F.  Lark,  Mail  Stop  49-3 

1 Mr.  M.  H.  Hirschberg,  Head,  Fatigue  Research 

Section,  Mail  Stop  49-1 

National  Bureau  of  Standards,  U.  S.  Department  of  Comnerce, 
Washington,  D.C.  20234 
1 ATTN:  fir.  J.  A.  Bennett 

1 Mechanical  Properties  Data  Center,  Belfour  Stulen  Inc., 
13917  W.  Bay  Shore  Drive,  Traverse  City,  Michigan  49684 

Stanford  Research  Institute,  Menlo  Park,  California  94025 
1 ATTN:  Dr.  D.  Curran 

I IT  Research  Institute,  Chicago,  Illinois  60616 
1 ATTN:  Dr.  I.  M.  Daniel 

1 Mr.  J.  G.  Kaufman,  Alcoa  Research  Laboratories, 

New  Kensington,  Pennsylvania  15068 

1 Dr.  George  R.  Irwin,  Department  of  Mechanical  Engineering, 
University  of  Maryland,  College  Park,  Maryland  20742 

Battel le  Columbus  Laboratories,  505  King  Avenue,  Columbus, 
Ohio  43201 
1 ATTN:  Mr.  P.  Ruff 


1 Dr.  K.  R.  Merckx,  Battel le  Northwest  Institute,  Richland, 
Washington  99352 

General  Electric  Company,  Schenectady,  New  York  12010 
1 ATTN:  Mr.  A.  J.  Brothers,  Materials  S Processes  Laboratory 

General  Electric  Company,  Knolls  Atonic  Power  Laboratory, 

P.  0.  Box  1072,  Schenectady,  New  York  12301 
1 ATTN:  Mr.  F.  J.  Mehrlnger 

1 Dr.  L.  F.  Coffin,  Room  1C41-K1,  Corp.  R4D,  General  Electric 
Company,  P.  0.  Box  8,  Schenectady,  New  York  12301 

United  States  Steel  Corporation,  Monroeville, 

Pennsylvania  15146 
1 ATTN:  Mr.  J.  M.  Holt,  Mall  Stop  64 

Westinghouse  Research  and  Development  Center,  1310  Beulah 
Road,  Pittsburgh,  Pennsylvania  15235 
1 ATTN:  Mr.  E.  T.  Wessel 

1 Mr.  M.  J.  Manjoine 

Carnegl e-Mel  Ion  University,  Department  of  Mechanical 
Engineering,  Schenley  Park,  Pittsburgh,  Pennsylvania  15213 
1 ATTN:  Dr.  J.  L.  Swedlow 

1 Prof.  J.  Dvorak,  Civil  Engineering  Dep^t'-ent,  Duke 
University,  Durham,  North  Carolina  21 706 

George  Washington  University,  School  of  cngineermg  and 
Applied  Sciences,  Washington,  D.C.  20052 
1 ATTN:  Dr.  H.  Llebowitz 

Terra  Tek,  University  Research  Park,  420  Wakara  Way, 

Salt  Lake  City,  Utah  84108 
1 ATTN:  Dr.  A.  Jones 

1 Librarian,  Material  Sciences  Corporation,  Blue  Bell  Office 
Campus,  Merlon  Towle  House,  Blue  Bell,  Pennsylvania  19422 

1 Prof.  R.  Greif,  Department  of  Mechanical  Engineering, 

Tufts  University,  Medford,  Massachusetts  02155 

Syracuse  University,  Department  of  Chemical  Engineering 
and  Metallurgy,  409  Link  Hall,  Syracuse,  New  York  13210 
1 ATTN:  Dr.  V.  Weiss,  Metal lurgica 1 Research  Labs.,  Bldg.  D-6 

1 Prof.  D.  Drucker,  Dean  of  School  of  Engineering,  University 
of  Illinois,  Champaign,  Illinois  61820 

1 Prof.  A.  Kobayashl,  Department  of  Mechanical  Engineering, 
FU-10,  University  of  Washington,  Seattle,  Washington  98195 

State  University  of  New  York  at  Stony  Brook,  Stony  Brook, 

New  York  1 1 790 

1 ATTN:  Prof.  Fu-Pen  Chlang,  Department  of  Mechanics 

Bell  Telephone  Laboratories,  600  Mountain  Avenue, 

Murray  Hill,  New  Jersey  07974 
1 ATTN:  Mr.  A.  Fox,  Room  2C-127 

1 Dr.  T.  D.  Dudderar 

Director,  Army  Materials  and  Mechanics  Research  Center, 
Watertown,  Massachusetts  02172 

2 ATTN:  DRXMR-PL 

1 DRXMR-WD 

1 Author 





